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Two monoclonal antibodies which can be used for the unambiguous identification by fluorescence micros­
copy of Encephalitozoon intestinalis spores in clinical specimens are described. Monoclonal antibody Si91 is spe­
cific for the extruded polar filament, and Sil3 recognizes the surfaces of E. intestinalis spores. No cross-reaction 
with spores of Encephalitozoon hellem was observed. Immunogold electron microscopy confirmed the specific 
reactivities of both antibodies. Combined in an indirect immunofluorescence assay, these antibodies are used 
to identify spores in feces. Although there was some cross-reaction with fecal bacteria and fungi, the typical 
morphology of the extruded polar filaments enabled proper identification of the E. intestinalis spores. Parasites 
could also be demonstrated to be present in urine, nasal swabs, lung brush biopsy specimens, and bronchoal- 
veolar lavage fluid from a patient with disseminated infection with E. intestinalis. The use of these monoclonal 
antibodies facilitates the detection and species determination of E. intestinalis in clinical specimens.
Microsporidiosis.is frequently found in patients with AIDS. 
The laboratory diagnosis of this infection no longer depends 
on the availability of biopsy specimens from affected tissues; it 
can also be made by identifying spores in feces, urine, and 
other body fluids. The spores of microsporidial species cannot 
easily be identified by classical staining methods because of 
their small size and lack of characteristic morphological details 
by light microscopy. Methods for identification have recently 
been improved by modifications of sample preparation (9) and 
staining (4, 6 , 8 , 11) methods. Moreover, specific staining of 
spores with polyclonal antibodies has been introduced, but 
clinical application is hampered by high levels of background 
staining and undesired cross-reactions (1, 15). The present 
study aimed at the selection and description of Encephalito­
zoon intestin a Us-specific monoclonal antibodies (MAbs) and 
the development of a methodology for their diagnostic appli­
cation.
Recently, the reclassification of the species Septata intestina­
lis to E. intestinalis has been proposed (3). In this paper, the 
latter name has been adopted.
MATERIALS AND METHODS
P aras ite s . E. intestinalis was isolated from feces by the  Transwcll meLhod (10). 
Parasites were seeded  on two types o f monolayers: hum an  lung mucoepidermoid 
cells N C I-H 292 (A T C C -C C L  34) and rabbit kidney cells RK13 (A TC C -C C L 37). 
T he m onolayers were incubated  a t  36°C in 5%  C 0 2 in Dulbeeco minimum 
essential m edium  (catalog no. 074-02100; G ibco) w ith  10% fetal calf serum 
(FCS) and 1% nonessential am ino  acids (catalog no. 16810-49; Flow). Spores 
could be harvested from m onolayers in 75-crn2 eulture bottles over periods up to 
2 weeks a fte r seeding. Suspensions o f parasites were sed im ented  by centrifuga­
tion (1000 X g, 2 min), w ashed, and stored  in phosphate-buffered saline (PBS) at 
4°C.
Parasite  counts were perfo rm ed  by using 2-jxl droplets applied to 7-mm-wide 
wells on mulliwell slides, s tained according to the Uvitcx2B m ethod (11).
MAbs. BALB/c mice w ere  im m unized with 6 x  107 spores injected intraperi- 
tonenlly w ithou t adjuvant. Identical injections were given on days 28 and 56 as 
booster and sp leen  cells were fused with A g63X  myeloma cells on day 59.
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Hybridoma clones producing MAbs were selected by an indirect immunoflu­
orescence assay using air-dried, formalin-fixed microdroplets o f E. intestinalis 
suspensions. These suspensions contained free mature spores and parasites at 
various developmental stages but also parasites within intact cells of the NCI or 
RK13 monolayers. Positive reactions of undiluted supernatants o f hybridoma 
cultures were visualized with fluorescein usothiocyanate-labcled goat anti-mouse 
immunoglobulin G (IgG) (Cappel) (diluted 1:160) by fluorescence microscopy.
T he IgG isotype of MAbs was determined with a dipstick isotyping kit accord­
ing to the instructions of the manufacturer (G IB C O  BRL).
SDS-PAGE and immunoblots. E, intestinalis proteins were solubilized and 
separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS- 
PA G E) by using the Laemmli buffer system (5) and gradient gels of 6 to 10% 
acrylamide. To the SDS sample butler 3% dithiotlireitol (DTT) was added, and 
extracts o f 3 X 10K parasites were loaded on slab gels (slot, 14 cm wide; gels, 0.7 
mm thick). After electrophoresis at a constant current o f 50 mA, proteins were 
transferred to polyvinylidene ditluoridc mem branes in a Bio-Rad Transblot Sys­
tem at a constant voltage of 100 V for 2 h. Molecular weight m arkers were run 
in separate lanes, and these were stained with 0.1 % Indian ink in PBS with 0.02% 
Tween 20 (TPBS). Blots saturated with 5% FCS in PBS were incubated with 
antibody-containing hybridoma supernatant diluted 1 to 10 in TPBS with 0.2% 
FCS. Immune reactions were detected with horseradish peroxidase-conjugated 
rabbit anti-mouse IgG (Dakopatt) diluted 1 to 1,000 in TPBS with 0.2% FCS and 
diamino benzidine (0,4 mmol) in PBS with 0.1% hydrogen peroxide as the 
substrate.
Immunoelectron microscopy. Infcctcd NCL cells were harvested from culture 
bottles by suspending the cells with 0.25% trypsin in PBS containing 1 mM 
disodium EDTA; after centrifugation at 40 X g for 10 min, the cell pellet was 
washed in PBS, pelleted again, and rcsuspended in 2% paraform aldehyde in 
Sorensen buffer (pH 7.4) (4 h, room tem perature). A fter being washed in PBS, 
the material was rcsuspended in 12% gelatin in PBS, centrifuged, and, after 
being cooled, immersed in 2.3 M sucrose for 30 min and stored in liquid nitrogen. 
Sections 30 |xm thick were made with a cryomicrotome at -20°C , and after being 
washed in PBS these were incubated overnight with undiluted hybridoma super­
natants Si91 and Si 13. All incubations and washings of the sections were per- 
tormed on a rotary shaker. Anti-mouse F (ab ')2 antibody fragments labeled with 
ultrasmall (1-nm diameter) gold particles (Aurion, Wagcningen, T he N ether­
lands) were used as the second antibody. In control experiments, sections were 
incubated with second antibodies alone. After an intensive washing, sections 
were silver enhanced according to Danschcr’s m ethod (2); after dehydration and 
embedding in Epon 812 for electron microscopy, ultrathin sections were cut with 
a diamond knife (Drukker, Cuijk, The Netherlands), contrasted with uranyl 
acetate and lead citrate, and examined by using a JE O L  1200 EX/II (JEO L, 
Tokyo, Japan) electron microscope.
Clinical samples. Brush biopsy specimens and nasal swabs were sm eared 
directly on microscope slides. Urine samples were sedimented at 2,000 X g for 10 
min, treated with 50 mg of acetylcysteine per ml, rcsuspended in PBS, and 
applied to slides. Bronchoalveolar lavage fluid was sedimented at 2,000 X g  for 
10 min, resuspended in PBS, and applied to slides. All slides were iixed in 
formalin or methanol before incubation with the MAbs. Reactivity o f Si 13 with
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have great potential for the demonstration and species deter­
mination of E. intcstinalis in clinical samples.
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